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Abstract 
Double angle connected beam to beam connections are treated ~ "shear connections" 
in the design process, but the observed fatigue failures and results of some studies 
showed that they must carry some moment. In this study, the rotational stiffness of 
double angle connected stringer to floorbeam connections in bridge floor systems is 
examined. The moment to rotation properties of connections with different angle 
dimensions are obtained by a 3-D finite element Model. The moment restraint factor for 
the connections is determined so that rotational springs can be used to represent the 
double angle connections. The amount of moment carried by stringer to floorbeam 
double angle connections under design load is analyzed with another finite element 
model which considers the bridge floor system including a concrete roadway deck. 
Influence lines for moment at the connections are developed which provide information 
on the variation of connection moment and the vehicle locations causing highest 
moments. The moment vs. time relationships at the connections are also constructed 
for a HS-20 truck. The stresses of the connection angles under the connection forces 
obtained from the second model are evaluated using a third finite element model. The 
maximum stresses on the angles under design loads are high. Comparisons are made in 
various aspects between the assumed "shear connections" and the situations of the 
stringer to floor beam double angle connections for the bridge floor system in this study. 
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Chapter 1. Introduction 
§1.1 Problem Statement 
Many steel bridge floor systems consist of concrete deck or rails and ties supported on 
longitudinal girders & stringers and transverse floorbeams which are connected by 
double angle connections. In design, the floorbeams or stringers are often considered as 
simply supported beams with the double angle connections assumed as "shear 
connections". [l] The influence of the beams and the concrete slab on the behavior of the 
connections is seldem examined, or even recognized. High local "secondary stresses" 
could develop in the connections and cause local distress. 
Field examinations and studies [2' 3 ' 4 ' 51 have revealed a large number of failures at the 
"shear connections". A typical failure is the fatigue cracking at the connection angles, 
at rivets or bolts, or in the webs of girders, floorbeams, or stringers. These failures show 
that the double angle connections not only carry shear, but must also carry some 
amount of bending moment. [6] And it is the bending moment which induces the fatigue 
cracking. 
The shear force and bending moment transfer, and distribution among the 
components of the bridge floor system are dependent on the properties of the 
connections as much as on the relative stiffness of the connected members, and the 
geometrical configuration and arrangement of the floor system. 
In· order to avoid the fatigue failure of double angle connections in bridge floor 
2 
systems, the behavior of the connections, and the bending moment and stresses of these 
connections, as influenced by the factors cited above, must be studied. 
§1.2 Previous Research 
Although analytical and experimental studies have been conducted on double angle 
connections, the objective of the studies was the moment-curvature curves of beam to 
column connections. (7 ,s] There are no readily available experimental results on beam to 
beam connections. Differences exist between the beam to column and beam to beam 
double angle connections. The torsional rigidity of the beam web is much smaller than 
the bending rigidity of the column flanges, thus the beam end rotation at the columns is 
mainly provided by the deformation of the connection angles whereas at the beam to 
beam connections the rotation is accommodated to a great extent by the deformation 
and rotation of the beam web in addition to the deformation of the connection angles. 
In a study on the fatigue of stringer connection angles, a global model of the floor 
system was used to solve for the connection forces (moments and shears) and then the 
stress distribution of the connection was examined using a more detailed 3-D model. [
9 ] 
Because in the global model either shear or moment connection was assumed, the 
moment carrying properties of the connections were not taken into considerations. The 
adequacy of the computed connection forces for in-depth examination of double angle 
connections was not satisfactory. In another study to analyse the influences of moment 
carrying capacities of beam to beam connections, direct correlation of beam end behavior 
with measured stress of stringers and girders at midspan was made, resulting in valuable 
guidlines for design and · evaluation, C
9l but little consideration has been given to the 
influences brought b·y the deformation of the beams to the moment carrying 
3 
characteristics of the dou hie angle connections. 
§1.3 Objectives and Scope 
The objectives of this study are the following: ( 1) To examine the bending mon1cn t 
at stringer to floorbeam connections and to define a moment restraining factor which 
can be used for simulating a connection as a rotational spring in the global analysis of 
the floor system. (2) By using a global model of a bridge floor system, to exan1ine tl1e 
force transfer in the bridge floor system as affected by the moment carrying capability of 
the connections and by floor system geometry. (3) To analyse the stresses of the 
connection angles under bending mements. ( 4) To develope and provide some 
information on the behaviors of the connections in a bridge floor system for the 
evaluation of local failures and for design consideration. 
The finite element mothed is employed. A 3-D model is used for analysing the 
bending moment restraint of double angle connections between stringer and floorbeam, 
with consideration of the torsional deformation and vertical deflection of the floorbeams. 
The second model, for the bridge floor system, is for calculating the amount of moments 
carried by the double angle connections under design loads. A third model is for 
analysing the stresses of the connection a11gles under the forces obtained from the second 
model. 
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Chapter 2. Finite Element Modelling of Connections 
in a Bridge Floor System 
§2.1 Application of Substructure Method 
A Schematic of bridge floor system is shown in Fig. 1, where stringers, floorbeams 
and girders are connected by double angle connections. Concrete roadway deck (not 
shown in the figure) is laid on top of the steel framing , and may either be composite or 
noncomposite. The stringers are mainly under plane bending while the floorbeams and 
girders are subject to torsion as well as bending action. The deformation of connection 
angles, as shown exaggerated in Fig. 2, is a three dimensional problem because of the 
complex geometric and load transfer conditions. Therefore, the finite element model for 
the bridge floor system will become very complicated if the deformations of all the 
components of a bridge are to be considered in one model. The concept of substruture 
modelling, therefore, is applied in this study by using levels of models with the results of 
one model utilized in the other. 
Three related finite element models are to be established for analysing the bridge 
floor system. Model I is for analysing moment-rotation relationship of double angle 
connections, in which the geometry of the connection angles and the connected members 
is fully simulated in three dimensions. The influence of these factors on the bending 
moment at the connections are to be considered. The final results of Model I -
moment-rotation relationships of the connections - are used as connection stiffness 
coefficients which are part of the input information for the second model. Model II 
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consists of a grid of beam rnem hers connected with the roadway deck above to reprcscn t 
a typical portion of the bridge floor system. In this model, all the bcan1s (stringers and 
floor beams) are connected by pin and rotational spring which sirn ulate the <lou })le angle 
connections. The pin is for transfering shear and the rotational spring has SJ>ecially 
defined moment-rotation relationship corresponding to the double angle connections 
which have been analysed in Model I. The final results of Model II - connection 
moments, shears and axial forces - then serve as the loads for the third rnodel. f\1odcl 
III considers the connection angles under the loads obtained from Model II, and J)rovidcs 
detailed stress field of the entire angle. The establishment and analysis of these three 
models are described in Chapter 3 and Chapter 4 seperately. 
Throughout this study, computer software ADINA is used for all the finite element 
calculations and related drawings [lo). 
§2.2 Typical Configuration and Behavior 
o-f Double Angle ''Shear" Connect ions 
In the typical stringer to floorbeam and floorbeam to girder connections, part of the 
web of one beam is fastened to the web of the cross beam through the connecting angles 
while the flanges of the beam are not attached to the cross beam as it is shown in Fig. 2. 
The main function of the connection angles is the transfering of shear forces from a 
beam to the perpendicular beam... But because the connection angles have definite length 
and stiffness, the angles also resist rotation thus carry some amount of bending moment 
depending on the properties of the angles. 
For a beam to beam double angle connection, the rotation at the end of the beam is 
contributed from the following three sources: 
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1. The deformation of the connecting angles. 
2. The torsional rotation of the cross beam and the deformation of its web. 
3. The required slope at the end of the beam on both sides of the cross bcarn. 
Whereas the ability of deformation of the connection angles is a function of their 
geometry and dimensions, the rotation and deformation of the floorbeam is influenced l)y 
its span and cross sectional properties. The more flexible is a floorbeam for torsion and 
web deformation, the less deformation is induced at the connecting angles by the end 
rotation of the stringers. The end rotation of each stringer, in turn, is affected l)y the 
rigidity of the floorbeam and the connection angles, as well as the loading 011 the 
stringers. 
Figure 3 shows four typical rotational configurations of stringer to floorbeam 
connections [6]. In Fig. 3a the end rotation of the stringers at two sides of a floor beam 
are different, 81 and 82, with 81 >82. The rotation of the connection is accom
modated 
by both the torsional rotation and deformation of the floorbeam and the deformation of 
the angles, Bal ( <B1) and Ba2 (>82). Figure 3b shows a special case where the end 
rotation of the stringers at two sides of a floorbeam are the same, thus no torsional 
rotation or deformation of the floorbeam takes place. In this case, the web of floorbeam 
is the symmetric plane of the connection configuration after deformation and all the end 
rotation of the stringers are provided by the deformation of connecting angles. Under 
this condition the moment carried by the connection angles at the stringer ends reaches 
the highest value and causes the highest stresses at the stress concentration areas of the 
connection angles. Therefore, this is the worst condition for fatigue of connecting 
angles. Figure 3c shows the case where there is stringer only on one side of the 
floorbeam web. This case corresponds to the situation of floorbeams at an expansion 
joint of a bridge, as shown in Fig. 1. Figure 3d represents a rotational configuration 
similar to that of Fig. 3a except that the stringers at two sides are of different sizes. 
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§2.3 Rotational Sti·ffness Coefficient of Connections 
The rotatio11 of a double angle connection is related to the restraint at the end of the 
beam. For a single span beam with both ends fixed under a concentrated load at the 
mid-span, the end rotation is Or=O and the end moment is Mr= PJ, (Fig. 4a). When 
2 
the beam has pinned ends, the end rotation is Op= ~~~I and the end moment is Mp=O 
( Fig. 4 b). The condition of dou hie angle connection is between those of fix-ended and 
pin-supported condition. Under the same loading, the induced end moment M is in the 
PL 3PL2 
range of O<M<Mr=g, while the end rotation O falls into the range 0<0<0p= 48 EI. 
The specific values of M and (} depend on the rotational stiffness coefficient of the 
connection. 
Any single span beam can be considered as a simply supported beam with rotational 
springs of stiffness coefficient k at the ends where the rotation is (} and the end moment 
is M=k8 (Fig. 5). Thus, for a fix-ended beam, kf =oo and 8f=0; while for a pin-ended 
beam, kp=O and Op is a function of the loading condition and beam properties. The 
rotational stiffness coefficient k of a connection can be computed when the end moment 
M carried by the connection is determined. 
The relationship between end moment M and end rotation () can be expressed as 
wh.ere k =(A+f) 
(2. 1) 
(2. 2) 
and A and B are two constants to be determined. Substituting (2. 2) into (2. 1) gives 
M=AO+B (2. 3) 
The boundary conditions for determining the constants A and B are the two extreme 
cases, i.e. the fix-ended case and the pin-ended case. These are: 
when 0=0r=0, M=Mr and, 
when 9=9p, M=Mp=O 
8 
(2. 4) 
(2. 5) 
where: 
0: End rotation of beam with any end support condition. 
M: The corresponding end moment carried by the connection. 
(}f: End rotation of fix-ended beam, Of =0. 
Mf: End moment of fix-ended beam. 
Op: End rotation of pin-ended beam. 
Mp: End moment of pin-ended beam, Mp=O. 
All the above quantities must be determined for the beam under the same loading 
condition. 
<i,.J 
By using the boundary conditions of Eq. (2. 4) and Eq. (2. 5) for Eq. (2. 3), it is 
obtained that: 
M 
A _-_ f 
- 0 p 
B==Mr 
Thus, by Eq. (2. 2) and Eq. (2. 3) 
_ Mf 1 k-(- o ) + MrCo) p 
- Mf M-(- O )0 + Mf p 
and by substituting Eq. (2. 7) into Eq. (2. 6), 
M 
k=( o:) <Mr/~-1) 
(2. 6) 
(2. 7) 
(2. 8) 
From equation (2. 8) it can be stated that the rotational stiffness coefficient k of a 
connection under a certain loading condition can be determined as long as the end 
moment M carried by this connection is known and, the end rotation Op and end 
moment Mf under the same loading condition have been determined. 
A finite element model - Model I - is to be established next for the double angle 
connections for the purpose of evaluating the end moment M in Eq. (2. 8). 
9 
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Chapter 3. Bending Moment at Double Angle Connections 
§3.1 Finite Element Model I 
.3.:. .1:.1 Basic Assumptions and the Model 
A finite element model is established for analyzing the rotation and beam end moment 
carried by the double angle connections in order to determine the values of the 
rotational stiffness coefficient k defined in §2 . 3. The basic assumptions and conditions 
are the following: 
(a) No roadway concrete deck is considered. Without a deck, the beam end moments 
are carried by the double angle connections alone and the condition is generally 
more serious for the connections. 
( b) Throughout the study, the section sizes of the stringers and floor beams are 
unchanged for simplicity. The dimensions of the connection angles are the 
primary variables. The section sizes of the stringers and floorbeams are from the 
Belle Vernon Bridge, in Route I-70 over the Monongahela River between 
Washington and West Moreland Counties, Pennsylvania.161 Wide flange beams of 
W21 x68 are used for stringers and W3(jx245 for the floorbeams. 
( c) The behavior of the bridge floor system is linear elastic. The purpose of this 
study is focused on the structural behaviors under service condition. 
s 
( d) The axial elongation of the connectors (rivets or bolts) are neglected. The 
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clamping forces in the connectors are assumed adequate such that the two 
connected parts are held together without slippage. Thus, the nun1 bcr and 
location of the connectors need not be considered. 
A symmetrical geometrical condition is assumed, as shown in Fig 5. The loads arc 
applied symmetrically about the midspan of the stringer. Furthermore, symmetry about 
the longitudinal axis of the stringer is also assumed. Therefore, only one half of a 
stringer to floorbeam connection needs to be considered in the finite element model. The 
established model is shown in Fig. 6. The model can be described briefly as below: 
( 1) The entire floor beam is modeled with shell elements in order to represent 
accurately the resistance of the floorbeam to bending and torsional deforn1ation. 
At the floorbeam end, only part of the web is supported while the flanges are not 
attached to the girder; this is to simulate the double angle connection between the 
floorbeam end and the web of the main girder. 
(2) For the stringer, plane stress elements are used for a part of the web close to the 
connection to simulate the coped beam web, and truss elements are used for the 
flanges. In this part of the stringer, the stress distribution pattern varies from 
cross section to cross section and plane sections do not remain planes under load. 
At sufficient distance away from the connection, the assumption of plane cross 
section is valid and beam elements can be used. Rigid mem hers are used to 
connect these two parts so that the deformation is kept continuous. 
(3) Shell elements are used to simulate the connecting angle. The outstanding leg of 
the angle is connected to the web of the cross beam by relatively stiff rnern hers at 
the locations of the connectors. For all the other nodes on this leg, special con tact 
elements are used which only transfer the compressional forces while release the 
tensile forces between the outstanding leg of angle and the web of the cross beam. 
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~ L 2. 1h Influencinc Factors f2t Model I 
Model I is established to provide the relationship between the relative rotation of 
stringer end to the floorbeam web and the moment carried by the double angle 
connection. This relationship is then used for defining the k factor, the rotational 
stiffness coefficient of the connection. There exist many factors which may affect the 
moment carrying capability of the connection. These include the following: 
( a) The geometrical conditions of the connection angles, such as the length of the 
angle, the thickness of the angle legs, the spacing of the fasteners on the 
outstanding leg and the distance between the fasteners to the heel of the angle. 
( b) The rotational configurations of the connections, as shown in Fig. 3. 
( c) The influence of the concrete roadway deck. The moment carried by the 
connection will be different when the deck is continuous over the floor beam or 
when there is an expansion joint. 
( d) The length of stringer, L8 • 
( e) The sectional properties of stringer; the moment of inertia I8 can be used as a 
synthetic variable which represents the sectional properties of the beam. 
(f) The length of floorbeam Lfb. 
(g) The sectional properties of floorbeam; the moment of inertia Ifb and the torsional 
properties Jfb can be used as synthetic variables which represent the sectional 
properties of the cross beam. 
All these influencing factors affect the results of analysis. The effects of some of these 
factors are examined by using a finite element model. 
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§3.2 Moment-Rotation Relationship of 
Double Angle Connections 
J..:. .2::.1 Influence Qf Loading Type .AWi. Load Level 
Although the moment carried by a double angle connection is affected by the rigidity 
of floorbeam and the structural configurations of connections, the moment-rotation 
relationship of any connection with known configuration is determined only by the 
connection properties - geometrical properties of the angles and the relative stiffness of 
angles and stringer. Therefore, to analyze the rotational stiffness of double angle 
connection, the floorbeam may be omitted in the model, resulting in a simpler model as 
shown in Fig. 7, which contains only a stringer connected to fixed supports at both ends 
by double angle connections. In this case, all the rotation at beam is provided by the 
deformation of the angle, mainly from the deformation of the outstanding leg. 
The structural components are chosen as a W21 x68 beam of 25 ft length, and 
connection angles of L5x3xl/2. 
Two loading types are studied with the Fig. 7 model; one is a concentrated force (100 
kips) applied at the midspan and the other is a uniformly distributed load (0.5 kip/in) 
over the full span. Table 1 and Table 2 list seperately the relationships between the 
beam end rotation and the moment carried by the connection under these loading types. 
Figure 8 shows the M-0 curves for both loading cases. From the figure, it is seen that 
the M-8 curves of both loading cases coincide, although the ratios of shear to moment at 
the connections are different. Figure 8 also indicates that the M-0 relationship is linear 
when the response of the components of the structure is in the elastic region, even 
though at locations without fastener the connections between the outstanding leg of the 
angle and the support transfer only compression but resist no tension. Table 1 and 
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Table 2 also show that the double angle connection in this geometrical configuration an<l 
dimension carries slightly more than 40% of the corresponding fixed end morn en t for 
both loading types and this percentage remains the same at all loading levels. 
From Eq. (2. 8), 
M 
k=( o:) (Mr/~-1) 
it can be seen that the rotational stiffness coefficient of a connection is a function of 
From analytical solutions it can be found that for both concentrated 
M 
force at midspan and uniformly distributed load, ( 8 f )=2f1. Since the M/Mf values for p 
both loading cases are the same as shown in Table 1 and Table 2, it may be concluded 
that the rotational stiffness coefficient Qf ~ double angle connection 12 an internal 
structural charateristic and i2 not affected ]2y loading type and load level. Thus, in all 
the following analysis for moment carry properties of double angle connections, only the 
concentrated loading case (with P=lOO kips) will be used for simplicity. 
;L. .2.:. Z Beam Model with Rotational Springs 
As discussed in §2. 3, the 3-D model (Fig. 7) can be simplified to a simply 
supported 1-D beam with rotational springs/at both ends (Fig. 5). The rotational 
stiffness coefficient k of the springs can be defined from Eq. (2. 8) after the M-0 
relationship of the connection is determined by the 3-D connection Model. Since the M-
0 curve is a linear relationship as shown in Fig. 8, k is a constant for a given connection 
configuration. Applying thus obtained k values into the simplified beam model as shown 
in Figure 5, the end moments carried by the rotational springs can be computed. These 
moments are carried by the double angle connections. 
For the stringer to floorbeam connection analyzed earlier, i.e. for a W21 x68 beam of 
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25 ft long with double angle connections of L5x3x 1/2 angles. 'I'he connection 111on1cnts 
are listed in the second colu1nns of Table 1 and Table 2. When there is a conccntr,ltccl 
load of P= 100 kips applied at the midspan, 
M _ !:1- (IOO)x(25x12)_ 3750 k" _. r- 8 - 8 - lp 1n, 
3PL2 3x100x(25x12)2 2 
Bp= 48El = 48x29000x1480 =1.31058xl0 rad., and 
M=1518 kip-in. (from Table 1 ) 
Then, Eq. (2. 8) gives: 
for this specific structural configuration. 
If we use the simplified 1-D beam model (Fig. 5) with k= 194601 kip-i11/rad and 
P = 100 kips at midspan, the computed moment carried by the rotational springs is 
M = 1518 kip-in which is exactly the same as that given by the 3-D model as listed in 
Table 1. 
This validation of the simplified 1-D beam model permits the establishing of Model II 
in which a grid model with rotational spring connections is used for simulating the 
stringer-floorbeam-girder arrangement of a bridge floor system. 
§3.3 Parametric Study on the Bending Moment 
at Double Angle Connections 
~ a:. ! Purposes and Methodology 
In order to analyze the force transfer and distribution of a bridge floor system using 
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the finite element Model II a.a described in §2. 1, tl1e rotational stiffness coefficients c1f 
the springs have to be determined first. Since the moment carried by a double angle 
connection is affected by the factors indicated in §3.1.2, a parametric study is necessary 
and is conducted here. 
The rotational stiffness of a connection is an internal characteristic of the connection, 
it is determined only by the geometric properties of the connection angles and the 
relative stiffness of the connected members. The k value of a given double angle 
connection is independent of loading condition and is the same for all the configurations 
of Fig. 3. 
In the following parametric study, the k values of connections will be determined from 
Eq. (2. 8) by using the 3-D connection model and considering only the connection angle 
properties. Then different cases are analyzed parametrically which correspond to the 
different connection configurations as described in Fig. 3. In all the case studies, both a 
3-D connection model and a 1-D beam model with rotational springs will be used, in 
order to check the validity of the 1-D model. The verified k values are then used in 
Model II, the global model of the bridge floor system . 
.a:. ~ Z Case !.:. Beam Connected 12 Rigid-Support 
In this model a beam is connected to a rigid support at both ends by double angle 
connections. Figure 7 shows the model which represents only one quarter of the 
structural configuration because of double symmetry. A concentrated force P is applied 
at the midspan of the beam, P = 100 kips. This case corresponds to the connection 
rotational configuration (b) in Fig. 3 and is used to evaluate the contribution of 
{J 
connecting angles to the stiffness coefficient k of the double angle connection. As 
described in §2.2, this is the condition when the moment carried by the double angle 
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connection ha .. s the highest value and can be induced by the J>,\.Ss,ige <>f e,lch rnc>ving 
vehicle. 1"his is also the condition which causes the highest stresses in the con ncction 
angles and thus proballly is the worst condition for fatigue problcr11 of the connections. 
The rotational stiffness coefficients k of various double angle connections arc clctcrn1incd 
by this model. 
In this case, the deforrnation of the connecting angles allows a certain an1ount c>f 
l)eam end rotation and releases some of the fixed-end moment. rfhc J)articular values of 
end-moment and end-rotation depend totally on the rigidity of the connecting angles. 
The factors which decide the connecting angle rigidity include: ( 1) the thickness t of the 
angle legs; (2) gage g of the outstanding leg of the connection angle, defir1ed as tl1e 
distance from the line of fasteners to the heel of the angle; and ( 3) the overall length la 
of the connection angle. These are indicated in Fig. 9. 
Five different angle sizes are considered and the results are given in Table 3, the 
length of the beam, L=25 ft, and the loading, P=lOO kips, are kept uncl1anged. Table 3 
lists the end moments carried by the double angle connection and their percentages to 
the corresponding fixed-end-moment. The five angle sizes have the influencing factors 
(t, la, and g) within the practical ranges. The first example uses L5x3xl/2 angles with 
la=l4 inches which is 70 % of the depth of the stringer, and g=3 inches. The results 
show that the moment carried by this connection is 40.5% of the fixed-end-moment 
(PL/8). The second angle size is L5x3x3/8 with la=l4 inches and g=3 inches; only the 
thickness of the angle legs t is changed from the first example, from 0.5 in. to 0.375 in., 
a reduction of 25%. The end moment carried by the connection becomes 34.0% of the 
fixed-end-moment. In the third case, L7x4xl/2 angles with la=l4 inches and g=4.2 
inches are used; only the g distance is increased by 40%, from 3 in. to 4.2 in.. The end 
moi:nent carried by the angles is 34.6% of the fixed-end-moment. In the fourth and fifth 
cases, all factors are kept the same as those in the first case except la is changed from 14 
17 .. 
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in. to 12 in. ancl 10 in. rcs1>ectively. The results show that the 111(>t11cnts carric1 d by th<~ 
connections arc 31 % a.nd 23% of the corresponcling fixed-end-mor11cnt for la= 12 in. and 
la= 10 in. respectively. 
From the results in Table 3 it is obvious that the parameters t ancl g do affect the 
moment carried by the double angle connection, llut the influence of the angle length la 
has a stronger effect. Within the practical range of the factors t and g, the differences of 
end moments are less than 15% (from 40% to 34% of the fixed-end-11101ncnt). But a 
change of angle length la from 14 in. to 12 in. induces a 23% decrease in n1on1cnt ( frorn 
40% to 31 % of the fixed-end-moment); and from 14 in. to 10 in. reduces the connection 
moment by 43% (from 40% to 23% of the fixed-end-moment). It may also be concluded 
that with the practically used angle sizes, the double angle connection carries 30% to 
40% of the corresponding fixed-end-moment when the length of the angles are between 
60% to 70% of the beam depth. The moments carried by the double angle connections 
are very sensitive to the length of the connection angles. When this length is below 60% 
of the depth of the stringer, the moment carried by the connection is relatively low. 
Figure 10 shows in an exaggerated scale the deformed shape of the connection angle 
of the first example in Table 3. The deformation of the angle is obvious because all the 
rotation of the beam end is provided by the deformation of the angles. The computing 
results indicate that the maximum gap openning of the outstanding leg as shown in Fig. 
10 is 0.07 4 in. 
The rotational stiffness coefficient, k, of this and other cases are listed in the last 
column of Table 3. These values are obtained from the results of the 3-D model and 
checked by using the simplified 1-D model. The computed moments carried by the 
springs of the 1-D model are the same as those corresponding values by the 3-D model 
(as listed in the fifth column of Table 3). Therefore, the simplified 1-D beam model is 
' 
an appropriate substitute of-the'-~D connection model for the grid analysis later. 
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The effectR c>f hear11 length on the moment carried by the connectic>n angles ca.n be 
examined using the result in Table 4. Three lengthes of stringers arc consiclcrcd, ,vith 
the connecting angle size {L,5x3xl/2 angle, g=3 in, t=0.5 in and la==14 in) and bcau1 
size (W21 x64) kept the sa111c. The beam length of 25 ft is comrnon; 15 ft and 40 ft arc 
approximately the lowerbound and upperbound length. Again, both the 3-D 1nodcl and 
the 1-D model are used for comparison purpose. The resulting connection mon1cnt and 
the rotational stiffness coefficient for all three cases are listed in Table 4. As expected, 
the 1-D model gives the same moment as the 3-D model does. 
From Table 4 it is obvious that with the san1e connection configuration, the longer 
the beam is, the higher percentage of the corresponding fixed-end-moment is carried by 
the double angle connection. This is because the relative rigidity of the connection with 
respect to the beam increases as the beam gets longer, and the beam end moment 
carried by the connection also increases. 
~ a:. a Case b One-Sided Stringer 12 Floorbeam Connection 
Case 2 is to simulate the condition of Fig. 3c where stringer exists only on one side of 
the floorbeam. Figure 6 shows the model which represents only half of the stringer to 
floorbeam assembly. At the end of floorbeam, only part of the web is supported to 
simulate the double angle connection between the floorbeam and the main girder. 
In this model, most of the end rotation of the stringer is provided by the rotation and 
deformation of the floorbeam while relatively small amount is induced by the 
deformation of connecting angles. The magnitude of stringer end rotation, is relatively 
large because the torsional resistance of the floor .beam and its web is small. Figure 11 
shows the deflected position of the connection angle. The deformation of the connection 
angles is very small compared with that in Fig. 10. The entire angle moves almost as a 
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rigid body along with t}1e deformed floorbean1 web. With the sa.rne angle 8izes and 
loading case as of l~ig. 10, the relative gap openning between the outsta11ding lt~g of the 
angle and the web of floorbeam in this case model is only 0.015 in. Figure 12 shc>\Vs the 
deformed shape of tl1e floorbeam. The out-of-plane deformation of the floorbcarn ,vcb is 
the main source of the stringer end rotation. Under this loading case the 111a.xi1nun1 
relative out-of-plane displacement of the floorbeam web is 0.11 in. Because most of the 
rotation at the stringer end is rigid body displacement, the moment carried l)y the 
double angle connection at the stringer end, is relatively small. Table 5 lists the end 
moments carried by the double angle connection with different floorbeam length. These 
cases of different floor beam length may be considered as representing the stringers 
located at different distances to the end of a floorbeam. 
From Table 5 it can be seen that the closer is a stringer to the end of floorbeam, the 
more moment is carried by the double angle connection, but the lower percentage of the 
corresponding "fixed-end-moment" is carried by this connection. One extreme case is 
when the length of floorbeam is zero, which is the Case 1 model discussed in §3.3.2, the 
moment carried by the double angle connection is M = 1518 kip-in and, the 
corresponding fixed-end-moment is Mf=3750 kip-in, thus M/Mf =40.5%. If this 
stringer under the same loading is connected to the floorbeam at 10 ft from its end, the 
moments are M=330 kip-in and Mr =598 kip-in, with M/Mf =55.2%. The magnitudes 
of the moments are drastly lower than those of the Case 1 model; M is decreased by 
78% and Mf is decreased by 84%. When the stringer is connected to the floorbeam at 
20 ft from the end, then M=186 kip-in, Mr=240 kip-in, and M/Mf =77.5%. For the 
other extreme if the stringer is connected to the floorbeam 40 ft away from the end, the 
moments are decreased even more as can be seen from Table 5. The moment ratio is 
M/Mf =91.8%. 
Thus it may be deduced that the longer is the distance between a stringer and a 
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support point of a floorbcarn, the less bending n1oment M is carried l>y the stringer tt> 
floorbeam connection, and the closer is M to the corresponding "fixcd-end-mon1cnt" Mr. 
'fhis is because the farer tl1e stringer to floor beam connection is from the support point 
of floorbeam, the less torsional resistance is provided by the floorbcam to the end 
rotation of the stri11ger. 
Because the 1noment carriecl by the double angle connection at stringer end closer to 
the floorbean1 support is relatively higher, the stringer end connections close to the 
support of floorbeam are relatively more susceptible to fatigue problem. Arranging the 
stringer to floorbeam intersections as far as possible from the floorbeam supports, 
therefore, is one way of reducing the possibility of fatigue problem at the double angle 
connections. 
The condition of simplifying the 3-D model to a 1-D beam model is again 
examined. The rotational stiffness coefficient k is chosen from Table 3 according to the 
size of connection angles and the stringers being used. The computed stringer end 
bending moments are also listed in Table 5. The results of the 1-D model agree with 
those of the 3-D model very well. 
~ .a:_ i Case .a:_ Two-Sided Stringers !Q Floorbeam Connection 
This model is about the same as the model for Case 2 except that there are stringers 
connected to both sides of the floorbeam web. Figure 13 shows one half of the model 
symmetrical with respect to the longitudinal axis of the stringers. 
corresponds to the connection configurations (a) and ( d) of Fig. 3. 
This model 
In this case, when a load is applied at the stringer on one side of the floorbeam, the 
stringer at the other side contributes to the torsional rigidity of the floorbeam. The end 
rotation of the loaded stringer, therefore, is smaller than that of the one-sided stringer in 
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the Case 2 1nodel lJecausc the rotational rigidity of the connection is incrca.sed. 'l'he 
moment carried by this double angle connection therefore is higher than that of the onP-
sided connection. The factors which affect the connection properties in tl1is case include 
all those of the Case 2 model and the length and size of the stringer at the other side of 
the floorbeam. The moment carried by the double angle connection at the end of the 
loaded stringer is a function of the rigidity (1/L) of the stringer at the other side. 
Table 6 lists the moments carried by the double angle connection at the sicle of the 
loaded stringer with different lengthes of stringers connected to the web of floorlJean1 at 
the opposite side. The longer is the stringer on the other side, the smaller is the 
moment carried by the double angle connection at the end of the loaded stringer. 
For a one-sided stringer to fl.oorbeam configuration with a W36x254 floorbeam of 20 
ft length and a W21 x64 stringer 25 ft long, as shown in Table 6, the moment carried by 
the connection is M=186 kip-in and the moment ratio is M/Mr=77.5%. After adding a 
stringer of the same size and length at the other side of the floorbeam, the end moment 
of the loaded stringer becomes M=802 kip-in and M/Mf=34.1%. If the length of the 
stringer on the other side is changed to 15 ft, then M=874 kip-in and M/Mf =31.6%. It 
may therefore be concluded that the existing of a stringer at the other side of the 
floorbeam drastically increases the moment carried by the double angle connection, but 
the change of length of the stringer on the other side does not affect very much the 
moment carried by the double angle connection on the side of the loaded stringer. 
Table 7 lists the moments carried by the double angle connection at the end of the 
stringer when load is on the other side of the floorbeam. If all conditions remain the 
same, a shorter stringer provides more restraint and the connection carries more 
moment, and the moment is always slightly lower than the corresponding moment 
carried by the double angle connection at the side of the loaded stringer. 
Figure 14 shows the deformed shape of the web of the stringer at the opposite side of 
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the floorbean1 of the loadecl stringer. The stringer has downward curvature. J«"igurc 15 
depicts the deformed shape of the floor beam, viewed from the side of the loaclccl stringer. 
Comparing }t'ig. 15 with Fig. 12 reveals that the existence of the adjacent stringer 
reduces the deformation of the floorbeam as expected. The computing results show that 
the maximum relative out-of-plane displacement of the floorbeam web in this is 0.06 in. 
The deformation of the connection angle is shown in Fig. 16. There is rigid lJocly 
rotation and tl1e deformation of the connection angles is more serious than that of one-
sided stringer, as shown in Fig. 11 but still much less than that at a rigid support as 
shown in fig. 10. The finite element results show that the maximum gaJJ openning 
between the outstanding leg of the angle and the floorbeam web in this case is 0.043 in. 
Simplified 1-D beam model is also used in this case for verification of the modelling 
technique. Once again, the value of the rotational spring constant k is chosen from 
Table 3 according to the size of connection angles and stringers being used. From Table 
6 and Table 7, the moments carried by the springs in the 1-D model agree with the 
corresponding moments in the 3-D model quite well, verifying the technique of utilizing 
the rotational spring constant. 
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Chapter 4. Vehicle Load Induced Moments and Stresses 
at Stringer to Floorbeam Connections 
§4.1 Consideration of Roadway Deck 
As stated in §3.1.1, the moments at the double angle connections obtained in Chapter 
3 are analyzed without a roadway deck. The existence of a roadway deck incr
eases 
greatly the restraint to the relative displacements of the connected stringers
 and 
floorbeams. In addition, the rigidity and strength of the reinforced concrete deck 
affect 
the bending moments carried by the stringers, floorbeams and their connec
tions. 
Therefore, the inclusion of the bridge deck in the analysis of a floorsystem is neces
sary. 
The analysis in this chapter considers the existence of the roadway deck. The 
steel 
framing includes the stringers and floorbeams with appropriate rotational sp
rings 
obtained in Chapter 3 for the connections. A concrete deck for a highway bridge is u
sed 
in the analysis. The methodology is, however, equally applicable to railroad bridge
 floor 
systems. 
§4.2 Finite Element Model for Bridge Floor System, Model II 
Model II is established to simulate the bridge floor system including the concrete
 
roadway dec.k. A three dimensional frame incorporates the 1-D beam spring model 
with 
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rotational stiffness coefficient k as discussed in Chapter 3 and a concr
ete deck connected 
compositely to the top flanges of a.II floorbea.ms and stringers. 
The model considers a bridge floor system between two roadway e
xpansion jc)ints. 
The concrete roadway deck is continuous within the model and the 
ends of the deck arc 
simply supported on top flanges of the floorbeams at the expansi
on joints which are 
transverse to the direction of the bridge. At the two sides of the de
ck panel, the deck is 
supported only at the intermediate floorbeams without connection to
 the main men1bers 
of the bridge. The common practice that the concrete deck betw
een two expansion 
joints is supported by three spans of longitudinal stringers (with an approximately total
 
length of 75 ft) is adopted for the model. Within the framing systen1, the stringers
 are 
connected to floor beams by double angles while the connections b
etween the ends of 
floorbeams and trusses or girders are assumed to be pin-supporte
d. The connection 
between the deck and the floorbeams & stringers are assumed to be comp
osite, including 
the floorbeams at both sides of expansion joints. The span of bridge is not considered in 
this model since it affects very little the force transfer and dist
ribution among the 
stringers and floorbeams within the selected portion of bridge floor sy
stem. 
Figure 17 shows the finite element model of Model II. Plate bendin
g elements are 
used for the deck and 1-D beam elements are used for stringers, floo
rbeams and trusses 
or girders. In Fig. 17, the top layer plate elements represent the
 deck, below which 
there are longitudial and transverse beam elements at two different e
levations. The two 
longitudial lines under the sides of the deck are the main trusses 
or girders, the four 
transverse lines which have the same elevation with the girders und
er the deck are the 
floorbeams. The five longitudinal lines of beam elements under the
 deck but having a 
higher elevation than the floorbeams are the stringers. The vertica
l distances between 
the plate elements and the beam elements down below corresponds to
 the distances from 
the mid-depth of the roadway deck to the centroids of floorb
eams and stringers 
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respectively. ,.fhe trusses or girders are placed at the same ele
vation as that of tl1e 
floor beams because the different elevation of floor beams and truss
es or girders does not 
influence the force distribution for this model. Those short vertic
al lines in Fig. 18 are 
rigid link elements which connect the nodes of plate { deck) to those of beams (str
ingers 
and floor beams) in order to ensure that the deformations of the deck and the bea
ms are 
consistent ( composite). The connections between stringer ends and floorbeams t
ransfer 
all the shears and axial forces ,vhile having a rotational stiffness 
of k to resist bending 
moment, and the connetions between the ends of floorbeams and
 trusses or girders are 
simple shear connections. 
For this study, the structural dimensions are similar to those from
 the Belle Vernon 
Bridge in Route I- 70. The structure has an 8 in. thick concrete ro
adway deck, the floor 
framing system is composed of two main trusses 38 ft apart with
 floorbeams spanning 
from one truss to the other. Five stringers 7 .6 ft apart are connec
ted to the floor beams 
with double angles of L5x3x 1/2. The stringers are all W21 x68 mem
bers of 25 ft length 
and the floorbeams are all W36x245 members 38 ft long. The tr
usses are assumed to 
have a moment of inertia about the horizontal axis 10 times as
 large as that of the 
floorbeams, and a torsional constant 5 times as large as that of the 
floorbeams. 
§4.3 Influence Lines for Moment at 
Stringer to Floorbeam Connections 
By using Model II, the influence lines for moment carried by the 
double angle 
connections between stringers and floorbeams are developed. Th
ese influence lines are 
very important for analyzing the variation of the moment at t
he connections due to 
moving vehicle and for deciding the vehicle location which causes the hi
ghest moments 
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at these connections. Figure 18 shows the plan of the bridge floor system of Model II 
without showing the deck. 14"rom simple analysis it is known that the stringer le) 
floorbeam connections bear highest bending moments when the vehicular loads a.re 
applied on the deck directly above the stringers. Influences lines, therefore, are 
constructed for connections C 1, C2, ... , C9, for a unit load ( 1 kip) moving along the 
stringers in the longitudinal direction of the bridge. The structural dimensions arc as 
introduced in §4 . 2; the rotational stiffness coefficient of the stringer ends is 194601 kip-
in/rad, as listed in Table 3. 
The influence lines are shown frorn Fig. 19 to Fig. 21, where the positive 1noment is 
defined as when the top part of the angle is in tension. These lines are constructed by 
connecting individual calculated values with straight lines. The influence lines are all 
nonlinear, and there are reversals of moments, as expected. For all the stringer to 
floorbeam connections, the carried moment reaches its highest value when the load is 
close to the connection and is in the stringer span of the connetion. 
Among the stringers, the connections of the fascia stringers carry more moment than 
those of the inner stringers, and the connections of the stringers at the center line of the 
bridge carry relatively the least moments. The maximum moment at connections C7, 
CS and C9 are about 65% to 75% of those corresponding maximum moments at Cl, C2 
and C3 in the fascia stringers. Comparing Fig. 21 with Figures 19 and 20 also reveals 
that the peak location of the moment at C7 of the interior stringers is slightly farer 
away from the connection than those of Cl and C4 in the exterior stringers, because the 
influence of slab rigidity is more on the interior connections than on the connections in 
the exterior stringers. 
From Figs. 19 to 21, it can be seen that the stringer connections adjacent to an 
expansion joint of the deck have different pattern of influence line from those stringer 
connections at floorbeams without deck expansion joints. The behavior of these 
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cc>nncctions when the bridge deck is under vehicle loads, therefore, must be examined. 
§4.4 Moment vs. Time Relationship of Connections 
By using Model II, the moment-time relationship at specific connections of the bridge 
floor system when traffic is moving over the bridge can be calculated. Figure 22 shows 
the moment vs. time relationship for double angle connections Cl, C3, and CS (see Fig. 
18) when a HS-20 truck moves through this deck panel. The truck travels from left to 
right of Fig. 18 with the left \V heels of the truck directly over the center line of stringers 
#3, #2 and #1. Without consider the dynamic effects, a speed of 50 inches/second 
(2.84 miles per hour) is assumed. Since the deck panel in this model is 75 ft long, the 
total axle to axle length of the truck is taken as 37.5 ft ( 14 ft between the axles of the 
tractor and 23.5 ft between the driving axle and the semi-trailer axle). The total time 
needed for the truck to go through this bridge deck panel is 27 seconds (112.5 ft== 1350 
inches at 50 in/sec.). 
The time scale of Fig. 22 corresponds to the following: T=O is when the front wheels 
of the truck touch floorbeam 4, and T=4 is when the driving wheels of the truck have 
just rolled over floorbeam 4. At T=9 the rear wheels of the semi-trailer get on top of 
floorbeam 4; the entire truck is on the deck panel. At T=18 the tractor's steering 
wheels go off the deck and at T=22 the driving wheels pass over floorbeam 1. The 
truck is completely off the deck at T=27. 
From Fig. 22 it can be seen that the moments of the connections vary drastically 
when a truck traverses the bridge. The moments of all three connections increase untill 
T=12 when the front wheels of the tractor get to the top of floorbeam 2, where 
connections C3 and C5 are located. The moment at C3 reaches a peak value of 96.5 
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kip-in at T= 14 when the driving wheels of the tractor are about 5.5 ft from the 
connection and then reaches the maximum of 111.8 kip-in at T= 19 when the wheels of 
the semi-trailer arc about 8.3 ft (one third span of stringer #2) to the connection. After 
then, the moment of C3 decreases drastically. There are minor reversals of mon1cnt 
during the entire period. For the moment carried by connection CS, the value reaches a 
peak of 50.1 kip-in at T=l 7 when the driving wheels of the tractor have gone about 7 ft 
beyond floorbeam 2 and reaches the maximum value of 54.9 kip-in at T=23 when the 
wheels of the semi-trailer come to about the same location. Higher reversal moments 
are induced in this connection. The moment of connection Cl is almost always positive, 
it has two peak values, one is 102.9 kip-in (maximum) at T=20 when the driving \Vheels 
of the tractor are about 5.6 ft to the connection at floorbeam 1, the other is 90.6 kip-in 
at T=26 when the wheels of the semi-trailer are about 4 ft to the connection. The 
decrease of moment between the peaks occurs at T==21 to 24 after the tractor has gone 
off the deck panel while the wheels of the semi-trailer are about at the location of 
floorbeam 2. 
The moment-time relationship of Fig. 22 confirms the result from the influence lines 
for connection moment that the peak values of a connection moment always occurs 
when the axles are close to the connection and in the stringer span of the connection. 
The heavier the axle loads, the higher the bending moment at the connection. The HS-
20 truck has two axles of equal weight, thus generates twin peaks in the moment vs. 
time curves. 
§4.5 Connection Forces under HS-20 Truck 
From the influence lines in Fig. 19 to Fig. 21 and the moment vs. time relationship of 
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f'"'ig. 22, the vehicle locations which cause the highest bending moments at the stringer to 
floorbeam connections can be determined. The location of the standard llS-20 truck as 
., 
shown in Fig. 23 causes the highest moment at connection C3. 
Finite element analysis gives the results that the moment carried by the double angle 
connection C3 under the loading condition of Fig. 23 is M = 126.56 in-kips, shear force 
V = 18.1 kips and axial force N =6.66 kips. The moment of 126.56 in-kips is higher than 
the 118 in-kips of Fig. 22 due to the difference in axle spacing. 
For comparison purpose, two other cases are analyzed with the same structure and 
loading as shown in Fig. 23 except that the connection rigidity is changed. In the first 
' ' 
case, shear connection is used for the stringer to floorbeam connections, i.e. k is set equal 
to zero instead of 194601 kip-in/rad. The finite element model then gives V = 16.13 kips, 
N =9.48 kips and, obviously M =0. In the second c·ase, full moment connection is used 
for the stringer to floor beam connections, i.e. k is taken as infinite. The finite element 
analysis for this model gives V =29.37 kips, N =8.91 kips and M =848.51 kips. From 
these results, it is obvious that the double angle connections behave different from the 
"shear connections" as assumed in the design process. In this example, the stringer to 
floorbeam connection C3 carries a moment about 15% of that carried by a full moment 
connection. A moment of this magnitude can easily be carried by the double angle 
connection with regard to static strength. The behavior of the connection angles, on the 
others, could be quite different from the assumption made during the design process. 
§4.6 Stresses of Connection Angles - Model III 
In order to examine the stresses in the connection angles, another finite element 
model - Model III - is established. Model III is shown in Fig. 24; it contains a 
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connection angle of L5x3xl/2, 14 inches long. The outstanding leg of the a
ngle which is 
connected to the web of floorbea1n is supported along the fastener line by r
igid links. All 
the remained area of this leg are connected to the support by special gap e
lements which 
resist only compression but no tension. The loads (moment, shear and axial force) arc 
obtained from Model II and arc applied to the stringer leg of the angle a
t the locations 
of the fasteners. Along the edge of this leg, it is assumed that no out of pla
ne deflection 
occurs since the web of the stringer is the symmetric plane for this
 double angle 
connection. 
For the same example of the bridge floor system as described in §4. 5 and Fig. 23, 
the forces carried by the dou b1e angle connection C3 are: M = 126.56 in-
kips, V = 18.1 
kips and N =6.66 kips. Applying half of these forces to Model III, the f
inite element 
analysis gives the stresses of the angle as shown in Fig. 25 and Fig. 26. Fo
r the figures, 
the inside surface of the angle is defined as the surface toward the centroi
d of the angle 
cross section. The arrows in the figures are stress vectors. From these f
igures it can be 
seen that some areas of the angle have very high local stresses, both
 tension and 
compression. At the inside surface of the top corner of the angle, the ma
ximum tensile 
principal stress is as high as 32 ksi. At the outside surface, at the top o
f the fastener 
line on the outstanding leg of the angle, the maximum tensile principal stress
 is 20 ksi. 
From the influence line for moment at connection C3, as shown in Fig. 19, a
nd the 
moment vs. time relationship in Fig. 22, it is seen that the moment at 
this connection 
may also be induced in the opposite direction, i.e. the top part of the angl
e may also be 
in compression. Consequently, the stress range at the top corner of the co
nnection angle 
and at the fastener line may be higher than 32 ksi and 20 ksi,
 respectively. 
Furthermore, impact and vibration could amplify· these stresses. Fatigu
e cracks were 
observed. 
For Comparison purpose, the stresses in the connection angle under the ass
umption of 
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44shear connections" are also calculated. The connection forces given by Model II in 
§4.5 are: V=16.13 kips, N=9.48 kips and M=O. The computed stresses are shown in 
Fig. 27 and Fig. 28. The principal stresses of the angle are much less than those shown 
in Fig. 25 and Fig. 26 (being less than one third). Thus omitting the moment carried by 
the connection angles underestimates the stresses in these connection angles. 
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Chapter 5. Conclusions and Discussions 
§5.1 Conclusions 
From the results of the studies in the previous chapters, some conclusions can be 
drawn as the following: 
( 1) For typical bridge floor systems with stringers, floor beams and a road way deck, 
the moments carried by the double angle connections at stringer ends are about 
15% of the corresponding moments carried by full moment connections. 
(2) For a typical bridge floor system under a single HS-20 truck, the maximum tensile 
stress range in the connection angles could be high, in the order of 30 ksi. 
(3) The moment - rotation curve of a mechanically fastened double angle connection at 
the end of a stringer is linear within the elastic region of behavior. The rotational 
stiffness of a given double angle conneciton is the same for different loading types 
at all load levels. 
( 4) When there is no bridge deck and the floorbeam and its web have no out-of-plane 
deflection, a stringer to floorbeam double angle connection of practical size carries 
30% - 40% of the corresponding fixed-end-moment for the stringer. 
(5) Double angle connections located closer to the floorbeam support are subject to 
higher moment than those connections farer away from the support of the 
floorbeam when there is no bridge roadway deck. 
(6) The influence lines for moment indicate that connection angles in fascia stringers 
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have higl1er moment than those at the interior stringers. 
(7) The moment vs. time relationship for the connections are similar in nature but 
those at exterior stringers have larger magnitudes of moment. 
(8) The proposed model with rotational springs is appropriate for analyzing the 
structural behaviors and force transfer in a double angle connected briclgc floor 
system. 
§5.2 Discussions 
Although some values of moment and stresses have been obtained in this study 
through the establishment of three finite element models, only limited geometrical 
dimensions of bridge floor systems have been examined. The influence of geometrical 
configuration of the floor system and the influence of the sizes of the components on the 
rotational stiffness coefficient, for example, need to be examined. 
Records of fatigue cracking in stringer to floorbeam connections show that these 
cracks occur in railroad bridges and in highway bridges. The conditions of railroad 
bridges' floor systems and their influence on the moment at the stringer to floorbeam 
connections also need to be studied. 
34 
Force 
at 
Midspan 
p 
(Kips) 
10 
25 
45 
70 
100 
Table 1. M - 8 Relationship of A Double Angle Connection 
Under A Concentrated Load at Midspan 
Beam Size and Length: W2lx68, L-:25 ft 
Angle Siz.e: L5x3xl/2, l.=14.0 in, g-3.0 in, t=0.5 in 
Maximmn Concentrated Foiu at Midspan: P-=100 Kips. 
M 
(Kip-in) 
152 
379.6 
683 
1062 
1518 
~ - -- -- ~ .. ~ - --= ............ .c= ....,.,,.._ 
Rotation 
of 
Connection 
8 
0.65421 
1.63551 
2.9439 
4.5794 
6.5421 
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End 
Moment 
Mr:Pl./8 
(Kip-in) 
375 
937.5 
1687.5 
2625 
3750 
Percentage 
of 
Mto~ 
{M/M,)% 
40.5% 
40.5% 
40.5% 
40.5% 
40.5% 
Table 2. M - 8 Relationship of A Double Angle Connection 
Under Unifonnly Disttibuted Load Over Full Span 
Unif0111tly 
Distributed 
Load 
w 
(Kip/in) 
0.05 
0.125 
0.225 
0.333 
0.4 
0.5 
• 
Beam Siu and Length: '\V21x68, L-25 ft 
Angle Sitt: L5x3xl/2, l.-=14.0 in, g-3.0 in, ta0.5 in 
Maximmn Unifonnly Distributed Load: w=0.5 Kip{m. 
Moment Rotation Fixed 
Olrried by of End 
Coonection Connection Moment 
M 8 Mr-wL2/12 
(Kip-in) (Rad.xl 0·3) (Kip-in) 
154 0.65562 375 
384.7 1.63905 937.5 
. 
692.5 2.9503 1687.5 
1026 4.3709 2500 
1230 5.2449 3000 
1539 6.5562 3750 
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Percentage 
of 
Mto Mr 
(M/M,)% 
41.0% 
41.0% 
41.0% 
41.0% 
41.0% 
41.0% 
Angle 
Sire 
,. 
L5x3xl{l 14.0" 
L5x3x3/8 14.0" 
L7x4xl/2 14.0" 
L5x3xl{l 12.0" 
L5x3xl/l 10.0" 
Table 3. Rotational Stiffness Coefficients of Double Angle Connections 
with Different Angle Dimensions 
Angle Properties 
t 
0.5" 
0.375" 
0.5" 
0.5" 
0.5" 
Beam Size and Length: W21x68, L=25 ft 
Concentrated Force at Midspan: P= 100 kips 
-----
Moment Fixed End 
Carried By Moment 
Connection (PL/8) 
g M M, 
(Kip-in) (Kip-in) 
3.0" 1518 3750 
3.0" 1274 3750 
4.2" 1298 3750 
3.0" 1176 3750 
3.0" 864 3750 
Percentage of Fix 
End 
Moment 
(MJM,)% 
40.5% 
34.0% 
34.6% 
31.4% 
23.0% 
Rotational 
Stiffness 
Coefficient 
k 
(Kip-in/rad) 
194601 
147227 
151469 
130728 
85662 
Beam Length 
L 
(ft) 
15 
25 
40 
Table 4. Moments Carried by Double Angle Connections with Different Beam Length 
Rotational 
Coefficients 
of Springs 
le 
(Kip-in/Rad) 
235595 
194601 
170678 
Beam Section Size: W21x68 
Angle Size: L5x3xl/2, l.=14.0 in, g=3.0 in, t=0.5 in 
Concenttated Force Applied at the Midspan: P=lOO Kips. 
Fixed End End Moment Carried By 
Moment Double Angle Connection 
(PL/8) M (Kip-in) 
~ 3-D Model 1-D Model (Kip-in) 
2250 744 744 
3750 1518 1518 
6000 2930 2930 
Percentage 
of M to M, 
(M/M,)% 
33.1% 
40.5% 
48.8% 
Table 5. Moments Carried by Double Angle Connections in One-Sided Stringer to Floorbcam Model 
with Different Floorbcam Length 
Length of 
Aoorbeam 
Lfb 
(ft) 
0 
10 
20 
40 
Floorbeam Section Size: W36x245, 1=81.0 in' 
Stringer Size and Length: W2lx68, L=25 ft 
Angle Size: L5x3xl/2, l.=14.0 in, g=3.0 in, t=0.5 in 
Concenttated Force Applied at the Midspan: P=lOO Kips 
Rotational Sti~ Coefficient of Connection: l =194601 Kip-in'rad. 
----- ------------·---- ·--
Moment Carried by Moment Carried by Percentage of 
Rigid Connection Double Angle Connection MtoM, 
Mr (Kip-in) M (Kip-in) 
3-D Model 1-D Model 3-D Model 1-D Model 3-D Model 1-D Model 
3750 3750 1518 1518 40.5% 40.5% 
598 481 330 331 55.2% 68.8% 
240 220 186 186 77.5% 84.5% 
98 103 90 99 91.8% 96.1% 
.. 
Length of 
Adjacent 
Unloaded 
Stringer 
(ft) 
NO• 
25 
15 
Table 6 Moment Carried by Double Angle Connection at the Loaded Stringer Side 
in Two-Sided Stringer to Floorbeam Model 
Aoorbeam Size and Length: W36x245, Ln,=20 ft, 1=87.0 in' 
Loaded Stringer Sir.e and Length: W21x68, L=25 ft 
Adjacent Unloaded Sttinger Section Size: W21x68 
Angle Size: L.5x3xl/2, l.=14.0 in, g=3.0 in, t=l(l in 
Force Applied at the Midspan of the Loaded Stringer: P= 100 Kips 
Rotational Stiffness Coefficient of Coonection: k= 194601 Kip-in/rad. 
--------------------
Moment Carried by Moment Carried by Percentage of 
Rigid Connection . Double Angle Connection MtoM, 
M, (Kip-in) M (Kip-in) 
3-D Model 1-D Model 3-D Model 1-D Model 3-D Model 1-D Model 
240 220 186 186 11.5% 84.5% 
2352 2263 802 850 34.1% 37.6% 
2764 2651 874 889 31.6% 33.5% 
• No adjacent stringer, values from the one-sided stringer to tloorbeam model . 
Length of 
the 
Unloaded 
Stringer 
(ft) 
25 
15 
Table 7 Moment Carried by Double Angle Connection of Stringer in Two Sided 
Stringer to Floorbeam Model, Load on the other Stringer 
Floorbeam Size and Length: W36x245, ~=20 ft, 1=87.0 in' 
Loaded Stringer Size and Length: W21x68, L=25 ft 
Unloaded Stringer Section Size: W21x68 
Angle Size: L5x3xl/2, l.=14.0 in, g=3.0 in, t=l/2 in 
Force Applied at the Midspan of the Loaded Stringer: P=IOO Kips 
Rotational Stiffness Coefficient of Connection: k=l94601 Kip-in/rad 
Moment Carried by 
Rigid Connection 
M, (Kip-in) 
Moment Carried by 
Double Angle Connection 
M (Kip-in) 
Percentage of 
MtoM, 
(MJM,) 
3-D Model 1-D Model 3-D Model 1-D Model 3-D Model 1-D Model 
2230 2179 706 757 31.7% 34.7% 
2690 2589 784 802 29.1% 31.0% 
----------
-- - ---- - - ---- -- --
Exp~oo Joint 
Floolbeams 
Main Gilden 
\ 
Fiaure 1. Double Angle Connected Bridge Floor System 
• 
0 0 
0 0 
.............. 
0 0 
t 0 
0 0 
Fapre 2. Mechanically Fastened Double Angle 
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---41-. --=s== ...... 
(a) 
•.,, 
(c) 
Figure 3. Typical Rotational Configurations of 
Stringer to Floorbeam Connection 
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(d) 
(b) 
• 
• 
p 
--- - ---
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L I • 
Pl.J8 PL/8 
Pl.J8 
(a) 
8,-(3PL 2)/( 48EI) 
,-
--- ...... ---- -- --
~... -- - - - -
L I • 
PL/4 
(b) 
Figure 4. End Moment and Rotation of A Simply Supported Beam and 
A Fix Ended Beam Under A Concentrated Load at Midspan 
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RocwonaJ 1pm, ~ 
stiffness c.oefficiml t 
p 
r-8 --- ---Ti -----
M=.t8 
L 
M 
0 < 8 < 8,=(3PL2)/(48EI) 
0 < M < M,=PU8 
---
--
RoClfional spring of 
lliffntss coefficient k 
---
M=k8 
Figure 5. Beam with Rotational Springs at Ends 
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PL/4 
' 
Figure 6. Finite Element Model for a Stringer to Floorbeam Double Angle Connection 
" 
Figure 7. Finite Element Model For Analysing M-8 Curve of A Double Angle Connection 
2000...-----------------------------------------------------
1500 
...-.. 
= 
·-I C. 
·-~ 1000 
500 
0 
0.000 
• 
• 
Uniformly Distributed Load 
Conccntraled Load 
0.002 0.004 
Theta (Rad) 
0.006 0.008 
Figure 8. Moment-Rotation Relationship of A Double Angle Connection 
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Figure 9. Schematic of a Connection Angle 
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Figure 10. The Defonned Shape of Connection Angle When 
Floorbeam Web Has No Torsional Defonnation 
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Figure 11. The Defo11ned Shape of Connection Angle in the 
One-Sided Stringer to Floorbearo Connection 
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Figure 12. The Deformed Shape of Floorbeam in the One-Sided Stringer to Floorbeam Connection 
• 
. 
Figure 13. Finite Element Model for a Two-Sided Stringer to Floorbeam Connection 
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Figure 14. -The Deformed Shape of the Web of Stringer in the.Two-Sided 
Stringer to Floorbeam Connection, Load on the other Stringer · 
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Figure 15. The Deformed Shape of Floorbeam in the Two-Sided Stringer to Floorbeam Connection 
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Figure 16. The Defo1111ed Shape of Connection Angle in the 
Two-Sided Stringer to Floorbeam Connection 
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Figure 17 ~ Finite Element Model for Bridge Floor System with ConCl"Cte Roadway Deck 
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Floorbeam Connections, Exterior Stringers 
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Figure 20. Influence Lines for the Moment at Stringer to , 
Floorbeam Connections, Interior Stringers 
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Figure 22. Moment vs. Time Relationship 
for Connections, HS-20 Truck 
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Figure 25. Stresses on the Inside Surface of 
Connection Angle, "HS-20" Truck 
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Fipre 26. Stresses on the Outside Surface of 
Connection Angle, "HS-20". Truck 
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